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Abstract

ASSOCIATIONS OF RARE CADDISFLIES WITH THE WESTERN DWARF
SALAMANDER EURYCEA PALUDICOLA

Lillie Hawkins
Thesis Chair: Lance Williams, Ph.D.
The University of Texas at Tyler
April 2022

There is limited information on the three species of caddisflies Philopotamidae Chimarra
holzenthali, Hydropsychidae Cheumatopsyche morsei, Hydroptilidae Hydroptila ouachita and
the western dwarf salamander Eurycea paludicola. In particular, there is a lack of any habitat
associations between these caddisflies and the western dwarf salamander. Museum specimens of
the caddisflies are scarce; however, the literature suggests they are spring dwelling like the
western dwarf salamander. The goal of this project was to sample previously known and new
habitats where these organisms might be found and report overall quality of the habitats and
whether the caddisflies were associated with the salamanders. The proposed project examined
historical sites of the caddisfly and dwarf salamander populations in Jackson Parish, Louisiana,
and Anderson County, Texas, along with new sites located in Smith, Bell, Burleson, Hill,
Madison, McLennan, and Travis counties. I expected to find the target caddisfly species and
dwarf salamander in pristine and undeveloped spring systems only, and that each of the caddisfly
species would be present if the dwarf salamander was also present. Water chemistry analyses
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showed that the dwarf salamander was only found in sites with low levels of conductivity, where
conductivity served as a strong model of salamander presence based off a logistic regression
analysis. This supports the hypothesis that these organisms need pristine and undeveloped
habitats to survive. One of the three target caddisfly species was found to be associated with
salamander presence through a discriminant function analysis. This same species was also found
to be an indicator species of the dwarf salamander through an indicator species analysis. These
results partially support the hypothesis that all of the target caddisfly species would be found
when salamanders were present. It was concluded that these two organisms do indeed share
similar habitat requirements.
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Introduction
Water quality
Freshwater habitats (surface inland waters) are some of the most imperiled habitats on
Earth because of the ecosystem services they provide to humans and thus the subsequent
anthropogenic overexploitation of these amenities (Cheimonopoulou et al., 2011). These
ecosystems provide humans with essential resources, along with supporting 10% of the world’s
species and 50% of fish species, yet they are some of the most threatened ecosystems in the
world (Martinuzzi et al., 2014). Disruptions to these environments can include degradation of
biotic habitats, disconnection of rivers from their floodplains, hydrological regime changes, and
chemical pollution (Cheimonopoulou et al., 2011). As the human population continues to grow
and urban sprawl becomes more prominent, so does habitat degradation (Sun et al., 2014). There
are significant correlations with water quality and human activity and changes in landscape (Sun
et al., 2014). In fact, a key factor in urban water pollution is land use (Sun et al., 2014). Urban
and agricultural land use changes are perhaps the largest future threat to freshwater communities
(Martinuzzi et al., 2014). The construction of impervious surfaces within watersheds, for
example, further disrupts the natural regime of the water system (Sun et al., 2014). Freshwater
habitats in the United States in particular are already imperiled, yet more changes are likely as
population density, and thus housing development, continue to increase (Martinuzzi et al., 2014).
Freshwater habitats serve as natural resources where humans, and all other living
creatures, obtain their basic water necessities; therefore, the health of these waters is crucial to
maintain the health of the organisms that depend on them (Wiggins, 1977). To ensure the health
of these aquatic systems, useful monitoring methods must be applied. The diversification of
caddisfly larvae has led some genera and species to rely on particular components in their
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aquatic environments (Wiggins, 1977). This relationship of larvae with their environment has
thus allowed ecologists to assess the health of a freshwater system based off of the presence or
absence of these larvae, and benthic invertebrates in general, because their presence is generally
associated with undisturbed and healthy environments (Wiggins, 1977). The EPT assessment of
the Benthic Index of Biotic Integrity (B-IBI; TCEQ, 2014) measures the percent of three
pollution-sensitive macroinvertebrate orders: Ephemeroptera (mayflies), Plecoptera (stoneflies),
and Trichoptera (caddisflies) (Loch et al., 1996). It has been found that as these families’ habitats
become polluted and degraded, their numbers decrease correspondingly to where the community
composition is substantially different compared to similar habitats that were untouched by
pollutants (Loch et al., 1996). Moreover, these benthic macroinvertebrates give insight into the
local conditions of a river ecosystem, and in Europe they make up the largest biomonitoring
databases of their rivers (Cheimonopoulou et al., 2011). Trichopteran larvae are the second most
useful of these three orders in terms of biomonitoring for pollution, with Ephemeropterans being
the most useful (Voshell, 2002).
Caddisflies (Trichoptera)
Caddisflies spend most of their life cycle in the water, including their larval and pupae
stages. Their ability to make silk casings has allowed them to thrive in a variety of aquatic
habitats, including cold streams, springs, rivers, and marshes (Wiggins, 1977). Because caddisfly
larvae are so abundant in aquatic environments, their transfer of energy is essential through all
trophic levels of these habitats (Wiggins, 1977). Their abundance and importance in freshwater
habitats result from their diversity as a group (Wiggins, 1977). Aquatic insects can be difficult to
identify when they are in their larval form, and this is one of the reasons why these insects,
particularly caddisflies, have not been thoroughly investigated despite their significance in
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aquatic habitats (Voshell, 2002; Wiggins, 1977). Methods of species identification previously
relied solely on the external genitalia of adult male Trichopterans; however, more recent
alternative molecular methods such as rRNA, mitochondrial DNA, and cuticular hydrocarbon
examinations can determine if two morphologically identical specimens are actually different
species (De Moor and Ivanov, 2008). Depending on the order of insect, the larvae will appear
different compared to the adult forms (Voshell, 2002).
Trichopterans, commonly known as caddisflies, undergo holometabolous or complete
metamorphosis where the larvae must transition into the final adult shape (Voshell, 2002). The
larval and pupal stages rely heavily on an aquatic environment, and in fact Trichoptera is the
largest order of insects that are completely aquatic (De Moor and Ivanov, 2008; Voshell, 2002).
Caddisflies are closely related to the butterfly and moth order Lepidoptera; together these orders
form the superorder Amphiesmenoptera (De Moor and Ivanov, 2008). Trichopterans consist of
twenty-one families and over 1,400 species in North America (Voshell, 2002). Adult caddisflies
range in size from a 3 - 100 mm wingspan and are typically dull yellow/gray to black or brown
in color (De Moor and Ivanov, 2008). They more closely resemble moths than butterflies, with
hairs on their wings instead of scales, and prominent antennae (De Moor and Ivanov, 2008).
Their larvae resemble caterpillars (larvae of Lepidoptera) and range from 2 - 43 mm in length
(Voshell, 2002). The larval stage of caddisflies can range from two months to two years, with
most larvae undergoing five molts, however some shed their skin six or seven times (Voshell,
2002).
As previously mentioned, many Trichopteran larvae are able to make specialized casings
using silk from their lower lips and other materials in their environment (De Moor and Ivanov,
2008). Live plant matter, detritus, sand, and pebbles can all be used in their casings, and because
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each species always uses the same type of material and the same method of construction, the
specific casing type can help identify which kind of caddisfly larva is present (Voshell, 2002).
These casings allow them to adapt to almost any kind of freshwater ecosystem because they can
drag them around and use them as both a physical barrier and as camouflage from predators
(Voshell, 2002; De Moor & Ivanov, 2008). Larvae found in lotic-erosional habitats will typically
make their cases out of heavier material, such as coarse sand or pebbles, which will help weigh
them down when a heavy current is present (Voshell, 2002). These casings also can be
streamlined in their shape to reduce the water’s force, and the caddisfly itself will use its sharp
claws to hold on to the substrate (Voshell, 2002). Other larvae will build silk retreats that are
glued directly onto hard surfaces or crevices in order to avoid the strong current. Some species
will make more light-weight cases out of dead leaves, twigs, and sand with a large surface area
that allows them to sprawl on top of soft sediment (Voshell, 2002). Very few will actually
burrow into the soft sediment and make a thin tubular case out of their silk that shields their body
from the outside sediment (Voshell, 2002).
Caddisfly larvae obtain food in a variety of ways (Voshell, 2002). Their feeding groups
range from shredder-detritovores to collector-gatherers to the rare group of piercer-herbivores
found only in the Hydroptilidae family of microcaddisflies (Voshell, 2002). Collector-filterers,
such as those members found in the Hydropsychidae and Philopotamidae families, make finemesh silk nets that catch particles running through the water current, while certain scrapers are
able to stay rooted on a rock by their heavy, stone-based casing, giving them access to
periphyton (Voshell, 2002). Various breathing methods are seen depending on the family of
caddisfly (Voshell, 2002). The main method is allowing dissolved oxygen to diffuse across their
soft bodies, while some families have gills that increase the efficiency of absorbing the dissolved
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oxygen (Voshell, 2002). The ability to produce silk once again gives caddisfly larvae an
advantage when it comes to breathing (Voshell, 2002). They are able to allow a constant stream
of water to flow in such a way as to go between their bodies and the inside of their casings
(Voshell, 2002). Thus, even if they are in an environment with decreased water flow, they are
still able to collect dissolved oxygen from their own casing current (Voshell, 2002).
When caddisfly larvae emerge from their cases as adults, they tend to stay relatively close
to this emergence spot during their adult lives (Cordeiro, 2004). It has been found that they stay
even closer to their emergence sites when more dense vegetation is present (Cordeiro, 2004).
Their dispersal flights are typically short and occur right after emergence (Cordeiro, 2004).
Kovats et al. (1996) found that 85% of the adult Hydropsychidae collected were no more than
100 meters from the water’s edge. Caddisflies from larger rivers can disperse at distances of five
kilometers or more, however, Kovats et al. (1996) believes this longer dispersal distance may be
accidental. This might suggest that most caddisflies intentionally stay close to their emergence
sites where vegetation is denser, and therefore if human disturbance to this area is present (i.e.,
less vegetation), this may influence the caddisflies’ dispersal distance and path.
Museum specimens of the target caddisfly species Chimarra holzenthali (Lago & Harris,
1987), Cheumatopsyche morsei (Gordon, 1974), and Hydroptila. ouachita (Holzenthal &
Kelley, 1983) are scarce, however the literature suggests that they occur in springs (Morse &
Barr, 1990). No species-level keys exist for caddisfly larvae; therefore, the target species will
henceforth be referred to by their Family and Genus names: Philopotamidae Chimarra,
Hydropsychidae Cheumatopsyche, and Hydroptilidae Hydroptila.
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Threats to Amphibians
Amphibians play major roles in many ecosystems, and in some they make up the majority of
vertebrate biomass (Blaustein et al., 1994). Globally there has been a decline in amphibian
species (Society, 2017). This is especially concerning because of the trophic dynamics that
amphibians contribute to an ecosystem, where adult amphibians are predators and their larvae are
prey (Blaustein et al., 1994). Because of these complex interlinkages in the food web, if there is a
significant decline in amphibian populations, then the same fate could fall upon many other
organisms living in their same environments (Blaustein et al., 1994). Salamanders in particular
are at risk because of the lack of methodological accuracy in monitoring populations, long-term
data, and information about species’ habitat requirements (Society, 2017). Among salamanders,
the plethodontid dwarf salamander, E. paludicola is of special concern because of its delicate
breathing process making it even more vulnerable to changes in its environment (McKee et al.,
2017).
Dwarf salamanders
The natural spring habitats that caddisfly larvae prefer are also the same environments
that the dwarf salamander prefers. The dwarf salamander Eurycea quadridigitata was first
described by Holbrook in 1842, and more recently a second species, Eurycea chamberlaini, was
elevated from a color morph of E. quadridigitata to species status by Guttman in 2003 (Wray et
al., 2017). For years these were the only recognized dwarf salamander species, ranging from
North Carolina through the southeastern United States up into the eastern third of Texas (Altig &
McDiarmid, 2015). Several molecular studies beginning in 2009 indicated that there are
multiple distinct clades in the Eurycea complex, with varying degrees of genetic divergence
between them (Wray et al., 2017). One study by Lamb and Beamer (2012) distinguished five
distinct clades within the Eurycea complex, suggesting E. quadridigitata and E. chamberlaini
8

were paraphyletic with each other and that the western populations of E. quadridigitata were
more closely related to the Edwards Plateau Eurycea species. Wray and Steppan (2016)
confirmed these results, categorizing the lineages of E. quadridigitata into a western clade (west
of the Mississippi River) and the remaining four lineages into an eastern clade represented by E.
quadridigitata and E. chamberlaini (Wray et al., 2017). Wray et al. (2017) were able to show
that these clades represented different species of E. quadridigitata, totaling five dwarf
salamander species. The two original species remained (E. quadridigitata and E. chamberlaini),
where the western clade, formally a subspecies, became its own species, Eurycea paludicola, and
two new species were identified: Eurycea hillisi and Eurycea sphagnicola (Wray et al., 2017).
The western dwarf salamander (E. paludicola) is the only dwarf salamander found in Texas and
western Louisiana, and therefore was the target salamander species for this current study.
These five dwarf salamander species are spread throughout the southeastern United
States, and while some of their habitats overlap, there seems to be no interbreeding between
them (Wray et al., 2017). Morphologically they are hard to distinguish, and so either
geographical or molecular data must be used to definitively identify a species (Wray et al.,
2017). However, because these new species identifications have only recently been determined,
many previous works on the dwarf salamander refer to it as either E. quadridigitata or E.
chamberlaini. Depending on the location of these studies, these identifications would still be
considered correct. More so, most work done on the dwarf salamander has been in locations
where E. quadridigitata, not E. paludicola, is found. Nevertheless, these species, though
separate, are still extremely similar both morphologically and ecologically, and therefore
conclusions drawn for one can theoretically be applied to the other. This line of thought was used
henceforth in the remainder of this study regarding the dwarf salamander (E. paludicola) portion.
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E. paludicola is a moderately sized species of Eurycea, growing to a maximum size of
45.8-87.4 mm in total length, or 22.3-37.2 mm in SVL (Wray et al., 2017). This salamander is
found in eastern Texas, southern Arkansas, most of Louisiana, and throughout eastern
Mississippi (Wray et al., 2017). As with the other four dwarf salamander species, a unique
feature for E. paludicola is the presence of four toes on its feet instead of the typical five. Its
overall coloration varies, ranging dorsally from a dark brown or bronze to yellow or tan, with a
lighter dorsolateral stripe extending from behind the eye to the tip of the tail. This stripe will
typically be thinner and more distinct from the body coloration in E. paludicola compared to E.
quadridigitata. Ventral coloration ranges from dark gray, off-white, or yellow, and unlike in E.
quadridigitata, there is typically not a silvery midventral stripe (Wray et al., 2017). However,
most of the other morphological characteristics of E. paludicola are also found in the other four
dwarf salamander species (Wray et al., 2017).
The natural history of E. paludicola is scarce, however, most of what is known for dwarf
salamanders in general, particularly E. quadridigitata, can be applied to E. paludicola until more
specific studies are made (Wray et al., 2017). E. quadridigitata and E. chamberlaini are much
more terrestrial than other salamanders (Wray et al., 2017). Dwarf salamanders reside under leaf
litter and logs, in moist environments near bottomland forests and swamps along the edges of
pine savannah ponds (Beane et al., 2010). During the breeding season, males will develop cirri,
or antennae-like lobes, under their nares that are suspected to be used for detecting the scent of
breeding females and other males (Matthes, 2010; Wray et al., 2017). Females lay their eggs in
late fall or winter, with clutch sizes ranging from 13 - 62 eggs (Beane et al., 2010). The ova are
colorless, have two jelly layers and are laid either as singlets or as three to six arrays (Altig and
McDiarmid, 2015). In South Carolina, eggs have been found attached to moss, leaves, rootlets,
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near the edges of ponds and under logs in seepage areas, where they are not guarded by the
mothers (Beane et al., 2010). The first study looking at E. paludicola after its new species status,
found that it shares very similar reproductive characteristics with the other dwarf salamanders,
including a short larval period of approximately two months (Wen et al., 2021). In North
Carolina, E. quadridigitata is listed as a species of Special Concern (Beane et al., 2010).
The dwarf salamanders are part of the Plethodontidae family of lungless salamanders
(Lamb and Beamer, 2012). Instead of lungs, they breathe through their permeable skin, which
must stay moist, for the exchanging of gases (McKee et al., 2017). Dehydration is a potential
threat as a result of their delicate skin, and thus their movements are limited to times when
rainfall is present (McKee et al., 2017). It is for these reasons that the dwarf salamander prefers
small, healthy springs to inhabit: these contain other microhabitats that are a feasible distant
away and are generally less affected by pollution compared to larger rivers (McKee et al., 2017).
Dwarf salamanders are considered to be euryphagic predators (Mcmillan and Semlitsch, 1980). It
has been found that they eat many aquatic and non-aquatic insects/larvae, with the most common
of these being Acarina (mites/ticks), Collembola (springtails), and Formicidae (ants; All, 1980;
Mcmillan and Semlitsch, 1980). Based off this information, it can be inferred that the dwarf
salamander will likely eat caddisfly larvae if they are present, yet another reason why the two
organisms are found in similar habitats.
Evolutionary-Conservation Theory (practices)
To protect these amphibian populations, researchers need to assess certain characteristics
of the populations such as genetic diversity. Populations of organisms require diversity, brought
about by gene flow, among the genetics of individuals in order to thrive and avoid extinction
(McKee et al., 2017). Having gene flow within a population protects against changes in their
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environment, while having metapopulations serves as safety nets when faced with local
extinctions (Blaustein et al., 1994; McKee et al., 2017). Genetic diversity results in a larger
variety of alleles which subsequently decreases the occurrence of problems associated with
inbreeding (McKee et al., 2017). Evolution has four mechanisms: gene flow, genetic drift,
natural selection, and mutations. Mutations could be considered the most important mechanism
because they facilitate the other three mechanisms. Gene flow helps to maintain the connectivity
of populations and their evolutionary potential while over time increasing their genetic diversity;
genetic drift, on the other hand, decreases this flow (Emel and Storfer, 2012; McKee et al.,
2017). Even though natural selection can favor genetic diversity, it is challenging to predict;
therefore, for conservation purposes the focus should be on maximizing the chances of gene flow
while minimizing those of genetic drift (McKee et al., 2017). Fortunately, tools like highly
variable molecular markers used to assess gene flow and the genetic structure of populations are
readily available (Emel and Storfer, 2012).
As mentioned above, gene flow plays an important role when determining the genetic
structure of a population (Spear et al., 2005). More so, gene flow is often correlated with
dispersal, and both depend on landscape and habitat characteristics (Spear et al., 2005).
Landscape variables thus can be used to determine how populations differentiate (Spear et al.,
2005). Spear et al. (2005) analyzed the genetic structure of the blotched tiger salamander
(Ambystoma tigrinum melanostictum) in Yellowstone National Park using GIS-based analyses
and a landscape genetics approach. The salamander populations showed low diversity within
populations and high genetic differentiation between them (Spear et al., 2005). The low withinpopulation genetic diversity is in line with a salamander species that has low vagility and specific
habitat necessities (Spear et al., 2005). Another study done on the southern long-toed salamander
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(Ambystoma macrodactylum sigillatum) in the Sierra Nevada found similar results of high
genetic differentiation among their sampled populations (Savage et al., 2010). These salamanders
also had high relatedness, or low diversity, within populations (Savage et al., 2010). Both of
these studies suggest that gene flow is restricted between the salamander populations, likely
because of the natural landscape barriers that exist in their habitats (Savage et al., 2010). This
restricted gene flow can leave a species vulnerable to local extinctions, especially if nearby
populations are unable to disperse to the endangered population and repopulate or “rescue” them
(Blaustein et al., 1994).
The wetlands that amphibians, like the dwarf salamander, occupy are influenced by the
surrounding land characteristics, including forests, agriculture, and roads (McKee et al., 2017).
These factors all play a role in the population’s tenacity and richness (McKee et al., 2017).
Unfortunately, some of the leading causes of amphibian declines and extinctions are loss and
fragmentation of their habitats (Curtis and Taylor, 2004). Anthropogenic disturbances like those
seen in land use changes can lead to habitat fragmentation and loss, where recolonization of one
habitat may now be impossible because of the unsuitable habitats between the extant and extinct
subpopulations (Cushman, 2006). These situations can mimic the natural fragmentation seen in
the blotched tiger and southern long-toed salamander studies. Dwarf salamanders, like the
blotched tiger salamanders, do not move far beyond their “home” and require specialized
microhabitats with long hydroperiods to avoid dehydration (McKee et al., 2017). These habitat
and mobility limitations can enhance the effects of habitat fragmentation already present within
their environments and, as a result, dwarf salamanders are particularly sensitive to changes in
land use surrounding their home ranges (Cushman, 2006; McKee et al., 2017).
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McKee et al. (2017) wanted to determine how land use around wetlands affected the
genetic diversity of populations of leopard frogs and the dwarf salamander. They found that
genetic diversity was associated with different habitat types. A negative association with allelic
richness and the percentage of roads within half a kilometer of the wetlands was discovered,
suggesting that roads can have a negative impact on amphibian diversity (McKee et al., 2017).
More so, the roads where the study was conducted were not paved or heavily trafficked (McKee
et al., 2017). This implied that the effects of the roads were not related to road mortality, but
likely because of the roads reducing the amount of moisture available to the salamanders’ habitat
(McKee et al., 2017). On the other hand, a positive relationship was found between allelic
richness and the percent of wetlands within two and a half kilometers, suggesting gene flow was
present and counteracting alleles lost through genetic drift (McKee et al., 2017). These findings
show the evolutionary and ecological importance of these particular spatial scales on pondbreeding amphibians (McKee et al., 2017).
Curtis and Taylor (2004) found that recently clear-cut areas in British Columbia resulted
in lower population densities, lower genetic diversity, and lower heterozygosity in the coastal
giant salamander (Dicamptodon tenebrosus) than in second growth and old growth areas. While
rapid demographic recovery would be possible in single reproductive events, they estimated that
it would take hundreds of years to gain back the allele frequency variation among sites and
allelic richness and heterozygosity within sites (Curtis and Taylor, 2004). These studies
demonstrate the importance of habitat maintenance for the preservation of salamander
populations because without connectivity of habitats, gene flow, and thus genetic diversity, are
hindered, and this subsequently impedes the survival of the species.
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Significance of dwarf salamanders and caddisflies
Freshwater ecosystems are essential for all living things, humans included. They allow
civilizations to be built and to thrive, so it is of utmost importance that these habitats remain
intact and healthy. The organisms found in these ecosystems are just as important to monitor and
protect as the habitats themselves because of the complex interlinkage between the two.
Trichopterans play an essential role in the aquatic environments that they are found in, and
because the range of their habitats is extensive, they affect a large and diverse number of
freshwater ecosystems. Their presence in the water, along with other benthic macroinvertebrates,
can serve as evidence of that environment’s overall health (Wiggins, 1977). Moreover, they are
vital amongst all trophic levels because of the energy transfer they provide through their
placement into functional feeding groups. The larvae that are part of the shredder functional
feeding group are found near the headwater streams and shred large pieces of organic matter
such as leaves into smaller pieces (Voshell, 2002). These smaller pieces then float down the
stream and serve as food for other organisms, while the larvae themselves also serve as prey for
fish, with flying adults being consumed by birds (Voshell, 2002). One particular organism that
transfers energy in terms of a food source is the western dwarf salamander, E. paludicola, which
then will also transfer energy to its predators. Consequently, each organism in an ecosystem
plays a role that affects every other organism, and protecting them and their habitats benefits
insects, animals, and humans alike.
The monitoring of freshwater systems is crucial to their protection, and the biota present
in these systems allows this supervision of heath to occur. To determine if any associations
existed between four biological indicators of freshwater quality, the objective of this study was
to assess habitat quality of previously known and new habitat locales of E. paludicola,
Philopotamidae Chimarra, Hydropsychidae Cheumatopsyche, and Hydroptilidae Hydroptila in
15

eastern and southern Texas and western Louisiana spring systems. It was predicted that the target
caddisfly genera and western dwarf salamander would be found in pristine and undeveloped
spring systems only, and that each of the caddisfly genera would be present if the western dwarf
salamander was also present.

Methods
Site Characteristics
Sample sites for E. paludicola consisted of four systems in Anderson County, Texas,
three spring systems in Smith County, Texas, seven systems on five privately owned properties
in south Texas, and one spring system in Jackson Parish, Louisiana, for a total of fifteen sites
(Figure 1). The three historic Anderson County sites were all sampled on 9 December 2020,
while the fourth Anderson County site was sampled on 23 June 2021. Two of the Smith County
sites were sampled on 19 June 2021 and the third sampled on 9 July 2021. The private properties
are in Bell, Burleson, Hill, Madison, McLennan, and Travis counties, Texas and were all
sampled in late May 2021 through early June 2021 (one sample per site). The site in Jackson
Parish, Louisiana was sampled on 14 July 2021. Of these fifteen sites, twelve were also sampled
for Philopotamidae Chimarra, Hydropsychidae Cheumatopsyche, and Hydroptilidae Hydroptila.
The three sites that were not sampled for these macroinvertebrates (two in Smith County, Texas
and one in Travis County, Texas) did not have proper habitat conditions (i.e., very shallow
water).
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Louisiana
Anderson (1)

Texas

Figure 1: Google Earth map of study site locations. Fifteen sites are shown, spread throughout south and east
Texas and one historic site (Schoolhouse Springs) in western Louisiana.

The three spring systems in Smith County are part of the Upper Angelina-Neches river
basin. The first and third Smith County sites are part of the West Mud Creek-Mud creek
watershed and the second Smith County site is part of the Old Sabine River Channel-Sabine
River watershed. The first site is located in Tyler, Texas, the second in Hawkins, Texas, and the
third in Flint, Texas. Three of the spring systems in Anderson County are located in Salmon,
Texas near the larger town of Grapeland. These include Ioni (first site), San Pedro (second site),
and Big Elkhart Creeks (third site), which are all part of the Lower Trinity-Tehuacana watershed.
The fourth site in Anderson County (Ivy Payne Wildlife Refuge), is located in Elkhart, Texas
and also part of the Lower Trinity-Tehuacana watershed. Bell, Burleson, and McLennan counties
are part of the Brazos River basin. The site in Bell County is part of the Nolan Creek-Leon River
watershed, the site in Burleson County is part of the Cedar Creek-Brazos River watershed, and
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the McLennan site is part of the Neils Creek-North Bosque River watershed. The Madison
County site is part of the South Bedias Creek-Bedias Creek watershed, while the Hill County site
is part of the Richland Creek-Navarro Mills Lake watershed. The first Travis County site is part
of the Pedernales River-Travis Lake watershed, and the second Travis County site is part of the
City of Austin-Colorado River watershed. Schoolhouse Springs is part of the Choudrant Creek
watershed and the Ouachita River basin.
Site selection and data collection
For E. paludicola, one spring system per site was sampled. Specimens for the three target
caddisfly species were collected in the larval form because they spend most of their lives in the
water. I sampled spring habitats close to historical sites in Anderson County where the three
target species had previously been found and new, additional sampling sites throughout east and
south Texas. One site along each spring system was sampled. The Schoolhouse Springs site in
Jackson Parish, Louisiana was selected because it was where the three caddisfly species were
first described (Morse & Barr, 1990). Western Louisiana is also a place where E. paludicola is
known to occur (Wray et al., 2017).
Timed surveys were used to sample salamanders and consisted of three to four people
searching for thirty minutes. Searching methods included looking through damp leaf litter along
or in the spring, flipping rocks along the spring (searching natural cover objects), and searching
underneath ferns and around vegetation along the water’s edge. Each salamander found was
placed temporarily into a clear, plastic container until the allotted search time was complete. The
number of salamanders found during each timed survey was noted, along with the general
appearance of each organism (i.e., noting if organisms appeared physically healthy). After a final
count and examination of the salamanders, each were released back in approximately the same
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location along the spring that they were originally found. Air temperature at each site was noted,
and a water sample was taken at each site and brought back to the lab for further tests consisting
of turbidity, pH, conductivity, and dissolved oxygen content. Water samples were not taken for
the three historic Anderson County sites and the Hill County site. These habitat parameters were
also used to represent the caddisflies’ habitat, as macroinvertebrates were sampled in the same
location.
A timed survey was also used for the caddisflies, with three to four people sampling for
thirty minutes. A D-frame kick net was used to sample all riffles within that site’s designated
area. The net was placed on the bottom of the stream where water flowed into and filled the net’s
bag. The sediment immediately in front of the net opening was disturbed, allowing the water’s
current to push any macroinvertebrates that were attached to the sediment into the bag. Leaf
packs were taken along with flipping of rocks in or near the riffles. Samples were transferred
from the net to clean ZiplocÓ bags where 70% ethyl alcohol was added to kill and preserve the
organisms. Samples were sorted back at the lab where trichopteran larvae found were first
identified to family level.
It was brought to our attention at the beginning of the identification process that some
caddisflies can only be identified down to the species level in their adult form. Therefore, if any
of these larvae were of the three families of interest, then they were further identified down to
their genus level. This insight and tips for identifying the larvae to their genus level were given
to us by Dr. David E. Bowles of Missouri State University. Further identification tools came
from the book, Larvae of the North American Caddisfly Genera (Trichoptera), by Glenn B.
Wiggins. Identifying characteristics of two target larvae are shown below (Figures 2 and 3). For
Hydropsychidae, if a median notch on the anterior margin of the frontoclypeal apotome was
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present, then it could be confirmed as Cheumatopsyche (Figure 2A & B) Similarly, for
Philopotamidae, if the median notch on the anterior margin of the frontoclypeal apotome was
asymmetrical, it could be confirmed as Chimarra (Figure 3A & B). All other macroinvertebrates
were identified to family level with the help of previous papers and taxonomic keys.

B

0.5 mm

Figure 2: Hydropsychidae Cheumatopsyche. A) Dorsal view of median notch on anterior margin of
the frontoclypeal apotome (defining characteristic of genus) indicated by arrow, B) zoomed-in view of
this median notch.
Photo: Lillie Hawkins

B

0.25 mm

Figure 3: Philopotamidae Chimarra. A) Dorsal view of asymmetrical notch on anterior margin of the
frontoclypeal apotome (defining characteristic of genus) indicated by arrow, B) zoomed-in view of this
asymmetrical notch.
Photo: Lillie Hawkins
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Data analysis
For the macroinvertebrate families found at each site, the following community statistics
were run: species richness, species evenness, Shannon’s diversity index, and Simpson’s diversity
index. To determine if any associations between presence or absence of E. paludicola and five
water chemistry parameters (temperature, pH, dissolved oxygen, conductivity, and turbidity)
existed, a logistic regression analysis was performed. A discriminant function analysis (DFA)
was performed to determine if any macroinvertebrate families were associated with E.
paludicola presence or absence. An indicator species analysis (ISA) was performed to determine
if a particular macroinvertebrate family served as an indicator species for the presence of E.
paludicola.

Results
A total of fifteen sites were sampled from December 2020 through July 2021. A total of
2,378 macroinvertebrate individuals were collected from 12 of the 15 sites sampled. Only two of
the three target caddisflies (Hydropsychidae Cheumatopsyche and Philopotamidae Chimarra)
were found in our study sites. Of the 15 sites sampled, E. paludicola was found at only 4 sites,
totaling 22 individuals.
Community results
Four of the fifteen sites sampled were found to have E. paludicola (Table 1). At Smith
(1), three E. paludicola individuals were found, one of them being in its larval form, the other
two in adult form. At Smith (2), five individuals were found (Table 1). There were twelve
individuals found at the Smith (3) site, and lastly two individuals were found at the Schoolhouse
Springs site (Table 1). At least one target caddisfly species was found in nine of the twelve sites
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sampled for macroinvertebrates (Table 1). Of the three target caddisflies, only two were found:
Hydropsychidae Cheumatopsyche and Philopotamidae Chimarra. One Hydroptilidae individual
was found at the McLennan County site, however it was identified as Neotrichia.
Community statistics were performed on all twelve macroinvertebrate sites where species
richness, species evenness, Shannon’s diversity index, and Simpson’s diversity index were
calculated (Table 2). Schoolhouse Springs had the highest species richness value of 18 while site
Travis (1) had the highest species evenness value of 1.00. The Hill site had the highest values for
both Shannon’s and Simpson’s diversity index at 1.74 and 0.772, respectively. Philopotamidae,
one of the three target caddisfly families, was found at only two sites, both of which also had E.
paludicola. Each of the five Philopotamidae individuals were identified as the target genus,
Chimarra.

Table 1: Summary table of the abundances of the three target caddisfly genera and dwarf salamander species.
Eleven out of the 15 sites sampled had at least 1 of the 4 target taxa present. Of all 15 sites, only 4 were found to
have E. paludicola present. Nine of the 12 sites sampled for macroinvertebrates were found to have at least 1 of the
target caddisfly genera. Note that the Smith (2) and Smith (3) sites were not sampled for macroinvertebrates.
Sitea
Anderson (1)
Anderson (2)
Anderson (3)
Travis (1)
McLennan
Hill
Smith (1)
Anderson (4)
Jackson Parish
Smith (2)
Smith (3)
a

Hydropsychidae
Cheumatopsyche
12
84
4
1
4
9
10
1
1
0
0

Philopotamidae
Chimarra
0
0
0
0
0
0
1
0
4
0
0

Eurycea paludicola
0
0
0
0
0
0
3
0
2
5
12

Anderson (1): First site in Anderson County, TX; Anderson (2): Second site in Anderson County, TX; Anderson (3):

Third site in Anderson County, TX; Hill: site in Hill County, TX
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Table 2: Summary table of community statistical analyses ran on the twelve sites that were sampled for
macroinvertebrates. Jackson Parish had the highest species richness value (18), Travis (1) had the highest species
evenness value (1.00), and Hill had both the highest Shannon’s diversity value (1.74) and Simpson’s diversity value
(0.772). These values are the bolded values shown in the table below.
Site
Anderson (1)
Anderson (2)
Anderson (3)
Travis (1)
Burleson
Bell
Madison
McLennan
Hill
*Smith (1)
Anderson (4)
*Jackson Parish
*E. paludicola present

Richness (S)
10
17
6
2
5
10
3
8
9
14
7
18

Evenness (E)
0.700
0.365
0.731
1.00
0.566
0.701
0.230
0.483
0.790
0.177
0.422
0.529

Diversity (H’)
1.61
1.03
1.31
0.693
0.910
1.61
0.253
1.00
1.74
0.468
0.822
1.53

Simpson’s (D)
0.707
0.486
0.663
0.500
0.509
0.710
0.107
0.431
0.772
0.159
0.380
0.708

Logistic Regression
Water chemistry data (Table 3) were associated with salamander presence to produce the
logistic regression (Table 4). Conductivity had the lowest delta AIC of 0 and the highest Wi of
0.826 (Table 4), suggesting it is a strong model for salamander presence (DAIC<2).

Table 3: Table summary of water chemistry data for twelve sites across east Texas and western Louisiana. Water
samples for the three historic Anderson County sites and Hill County site were not taken. The sites with the four
lowest conductivity values are also the only sites where E. paludicola were found.
Sitea

DO (mg/L)

Travis (1)
Travis (2)
Bell
Burleson
Madison
McLennan
Smith (1)
Smith (2)
Anderson (4)
Smith (3)

7.83
7.87
7.27
6.40
7.07
6.83
7.85
6.35
7.88
6.12

Conductivity
(µS/cm)
99.7
100
90.2
56.4
113
88.4
0
6.5
347
28

Turbidity
(NTU)
13.5
32.2
33.8
22.5
47.8
23.4
118.5
629.6
17.6
45.4

pH
7.66
7.74
7.55
7.29
7.17
7.96
7.41
6.65
7.22
6.20

Temperature
(°C)
75
84
70
85
81
73
75
79
77
89

Salamander
Presence
0
0
0
0
0
0
X
X
0
X
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Jackson
X
8.19
45
5.10
6.64
87
Parish
a
Travis (1): First site in Travis County, TX; Travis (2): Second site in Travis County, TX; Bell: Bell County, TX;
Burleson: Burleson County, TX; Madison: Madison County, TX; McLennan: McLennan County, TX; Smith (1): first
site in Smith County, TX,; Smith (2): Second site in Smith County, TX; Anderson (4): Fourth site in Anderson
County, TX; Smith (3): Third site in Smith County, TX; Jackson Parish: Schoolhouse Springs in Jackson Parish, LA

Table 4: Table summary of logistic regression results. Temperature, pH, dissolved oxygen (DO) and conductivity
were tested simultaneously against salamander presence and absence (interaction) and then were each separately
tested against salamander presence and absence. Turbidity was tested separately against salamander presence and
absence. Rows are in descending order of lowest delta AIC and highest Wi starting at the top.
AIC (full)

DAIC

Conductivity
Interaction

4.00
10

0
6

Wald
(Pr>Chi2)
0.994
1.00

pH
Turbidity
Temperature
DO

11.0
14.4
18.8
19.7

7.04
13.4
14.8
15.7

0.077
0.261
0.252
0.430

P-value
(Pr>LR)
<0.001
1.00, 1.00,
1.00, 0.021
0.002
0.015
0.223
0.421

Log
likelihood
<0.0001
0.003

Wi

0.002
0.015
0.223
0.421

0.024
0.0010
0.0005
0.0003

0.826
0.041

Discriminant Function Analysis
Each of the thirty-seven macroinvertebrate families from the twelve sites were assigned
p-values from the discriminant function analysis. Significant p-values were found for four of
these families, including one of the three target caddisfly families: Gammaridae, Simuliidae,
Philopotamidae, and Polycentropodidae (Table 5). Wilk’s Lambda was also significant
(p<0.005).

Table 5: Results of discriminant function analysis. Significant p-values for four of the thirty-seven
macroinvertebrate families shown, along with the Wilk’s Lambda p-value.
Gammaridae

Simuliidae

Philopotamidae

Polycentropodidae

Wilk’s Lambda
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p-value

0.026

0.045

0.001

0.001

0.001

Indicator Species Analysis
An indicator species analysis (ISA) was performed on all 37 macroinvertebrate taxa from
the 12 sites (Table 6). Each family received a percent of perfect indication value and these were
then evaluated under a Monte Carlo test for significance (Table 6). Four families, including one
of the three target caddisfly families, were found to have significant p-values: Simuliidae,
Perlidae, Philopotamidae, and Polycentropodidae. Three of these four families (Simuliidae,
Philopotamidae, and Polycentropodidae) were also shown to have associations with salamander
presence based on the DFA results (Table 5).
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Table 6: Summary table of 37 macroinvertebrate families’ abundance values with their corresponding percent of perfect species indicator values (ISA %
column). Four families yielded significant p-values indicated by * (p > 0.05): Simuliidae, Perlidae, Philopotamidae, and Polycentropodidae.
Family

Anderson

Anderson

Anderson

Travis

Burleson

Bell

Madison

McLennan

(1)

(2)

(3)

(1)

Gammaridae

11

0

9

0

0

9

0

0

Oligochaeta

2

2

7

1

0

1

0

Collembola

0

4

0

0

0

0

Pisauridae

0

0

0

0

0

Dytiscidae

0

0

0

0

Elmidae

2

11

0

Gyrinidae

0

1

Hydrophilidae

0

Psephenidae

Hill

Smith

Anderson

Jackson

ISA

(1)

(4)

Parish

%

4

0

0

88

47

1

0

0

0

3

26

0

0

0

4

0

0

42

0

0

0

0

0

0

2

50

0

0

1

1

0

0

0

0

0

0

2

0

0

1

3

1

0

0

10

0

0

0

0

0

0

0

0

1

3

44

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

6

0

0

0

0

0

0

0

Fluminea

0

0

0

0

45

0

0

0

0

0

0

0

0

Cambaridae

0

1

0

0

0

0

0

0

0

0

0

0

0

Ceratopogonidae

0

0

0

0

0

0

0

0

0

0

0

2

50

Chironomidae

44

342

34

0

21

2

34

38

23

650

104

173

87

Dixidae

0

0

0

0

0

0

0

0

0

0

0

2

50

Ephydridae

0

1

0

0

0

0

0

0

0

0

0

0

0

Simuliidae

8

0

1

0

1

0

0

0

2

9

0

3

83*
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Tabanidae

0

1

0

0

0

0

0

0

0

0

0

0

0

Tipulidae

0

2

0

0

0

1

0

1

0

0

0

1

28

Baetidae

2

9

0

0

0

0

0

4

2

2

6

3

52

Caenidae

4

0

1

0

0

0

0

0

30

7

16

0

20

Ephemeridae

0

2

0

0

0

0

0

0

0

0

0

0

0

Heptageniidae

1

5

0

0

0

0

0

0

0

0

5

0

0

Hydrobiidae

0

0

0

0

0

2

0

0

0

0

0

0

0

Planorbidae

0

0

0

0

0

3

0

0

0

0

0

0

0

Asellidae

0

0

0

0

0

0

0

0

0

0

0

10

50

Calopterygidae

0

1

0

0

0

0

1

0

8

1

0

1

50

Coenogrionidae

0

0

0

0

0

17

0

0

0

2

0

0

19

Gomphidae

0

1

0

0

2

0

0

0

2

0

0

1
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Perlidae

1

3

0

0

0

0

0

0

0

6

0

221

100*

Helicopsychidae

0

0

0

0

0

0

0

0

0

1

0

0

50

Hydropsychidae

15

116

15

1

0

0

0

4

11

17

1

26

57

Hydroptilidae

0

0

0

0

0

0

0

1

0

0

0

0

0

Lepidostomatidae

0

0

0

0

0

39

0

0

0

0

0

0

0

Limnephilidae

0

2

0

0

0

0

0

0

0

0

0

0

0

Philopotamidae

0

0

0

0

0

0

0

0

0

1

0

4

100*

Polycentropodidae

0

0

0

0

0

2

0

0

0

5

0

2

95*
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Discussion
Abundance values overall for all four target organisms were relatively low (Table 1). Of
the target organisms, Hydropsychidae Cheumatopsyche had the highest number of individuals
found (126), yet this was spread across nine sites. Philopotamidae Chimarra had only 5
individuals in total found while only 1 Hydroptilidae individual was found in all 15 sites
sampled, and it was determined not to be the target genus, Hydroptila. There were only 22 E.
paludicola individuals found from 4 of the 15 sites. The most E. paludicola individuals found
(12) were at the Smith (3) location, where the majority were discovered in damp areas along
pools, underneath ferns. This location was also where E. paludicola developing embryos were
seen in sand and leaf litter during late April 2021.
Wen et al. (2021) was the first to do a reproductive study on the newly named species E.
paludicola in one area of pools located in eastern Louisiana. In their study, they found a total of
forty-five adults in November and December of 2017 and a total of ninety-three larvae and
ninety-nine recently metamorphosed E. paludicola individuals between March and June of 2018
(Wen et al., 2021). While our study had only 30-minute timed surveys versus their 1-hr surveys,
Wen et al. (2021) were able to achieve a higher individuals-per-minute ratio in one sampling
event. This could suggest error in our sampling methods; however, it also may indicate that
populations of E. paludicola in eastern Louisiana are healthier/more robust than populations here
in east Texas and western Louisiana. The timing of our sampling trips may also explain the
lower number of E. paludicola individuals found. The majority of our sampling dates occurred in
the summertime, where two full grown adults, one larva, and nineteen small (recently
metamorphosed) adults were found. Future studies should repeat sampling for E. paludicola
during the fall, winter, and summer at our sites and sample multiple sites in eastern Louisiana
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with 1-hr timed-surveys to see how these new abundance values compare to our study and Wen
et al. (2021).
The seven sample sites where E. paludicola was not found were the sites where
Hydropsychidae Cheumatopsyche was the only target organism present (Table 1). In fact, one of
these sites (Anderson (2)), contained two-thirds of the total Hydropsychidae Cheumatopsyche
individuals found. When E. paludicola was present at a site, Hydropsychidae Cheumatopsyche
abundance values did not exceed more than ten. This may suggest a case of predator mediation
coexistence, where E. paludicola serves as a keystone species that keeps this target caddisfly’s
populations in check when both are present in an ecosystem. Because Philopotamidae Chimarra
was only found in two sites and Hydroptilidae Hydroptila was not found at all, this may suggest
that these two caddisflies require even more pristine aquatic environments than Hydropsychidae
Cheumatopsyche and E. paludicola.
The two sample sites where both E. paludicola and Philopotamidae Chimarra were found
were Smith (1) and Jackson Parish. While Smith (1) had the third highest species richness value
(14), the values for its species evenness, Shannon’s diversity index, and Simpson’s diversity
index were all below 0.5 (Table 2). However, Jackson Parish had the highest species richness
value (18), a moderate species evenness value (0.529) and Shannon’s diversity index (1.53), and
the third highest Simpson’s diversity index (0.708). Although the community statistical results
for Smith (1) were not the most indicative of pristine habitat conditions, the fact that it was one
of only two sites where two target species were found suggests there are undetermined habitat
qualities attracting these organisms. The mainstream of Smith (1) has been deepening and
widening due to human disturbance, however the spring seeps where E. paludicola was found
are still intact with large riparian buffer zones, possibly mitigating the changes occurring
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upstream and allowing the salamanders to thrive. Jackson Parish had slightly better community
statistical values and had both E. paludicola and Philopotamidae Chimarra present, indicating
that it too provided the necessary habitat conditions required by both organisms. This spring is
more forested and isolated from human influence than Smith (1), likely explaining the
occurrence of these species. Smith (2) was another site where E. paludicola was found, and
although it was not sampled for macroinvertebrates, its surrounding land use is similar to that of
Smith (1), with abundant forest habitat surrounding the site of capture. The fourth site, Smith (3),
where E. paludicola was found (not sampled for macroinvertebrates), is a private residency and
very similarly forested to Jackson Parish (i.e., very undeveloped). The thirty acres containing the
five springs located in Jackson Parish, Louisiana were bought by the Louisiana Nature
Conservancy in 1988. The habitat surrounding the springs was originally described by the
historic literature as a mix of hardwood-pine forest, with a bayhead compromised of peaty muck
surrounding the springhead and its subsequent branches (Morse & Barr, 1990). Although the
springs have remained protected and virtually untouched since they were purchased, surrounding
anthropogenic development has occurred, including the construction of several roads and
chicken farms (now abandoned) located approximately half a mile southeast of the sampling site.
Therefore, it can be assumed that the springs have undergone some disturbance since the original
discovery of the three target caddisfly species, and this may explain the low abundance values
obtained. However, these results yield overall support to the hypothesis that the target species
would be found in only pristine and undeveloped spring systems based on the healthy nature of
the spring seeps themselves.
Low conductivity levels appear to be an important association for salamander
presence/absence (Table 3). Laposata and Dunson (2000) studied the effects of wastewater
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effluent from spray irrigation on the reproduction of the wood frog (Rana sylvatica), Jefferson
salamander (Ambystoma jeffersonianum), and the spotted salamander (Ambystoma maculatum).
They determined that high levels of conductivity found in affected ponds led to a lower number
of egg masses compared to the nonaffected ponds with lower conductivity (Laposata & Dunson,
2000). This accumulation of cations from the wastewater thus appeared to have negative
repercussions on the breeding outputs of these amphibian species (Laposata & Dunson, 2000). In
the Qiangtang River basin of China, Wang et al. (2012) found a positive correlation between
conductivity and urbanized land and a negative correlation in more forested land. The more
forested land also had a higher taxa richness and diversity of macroinvertebrate communities
compared to the more urbanized land types (Wang et al., 2012). Overall, the forested land had
lower conductivity values and higher numbers of aquatic organisms than land that had been
urbanized and affected by humans, suggesting that aquatic diversity is positively associated with
low conductivity levels and in turn with low pollution. Because of the specific microhabitat
requirements of the dwarf salamander and its preferred spring habitats, the lower conductivity
levels associated with them, and their pollution-sensitive macroinvertebrate counterparts, are in
line with the fact that these forested spring habitats are less affected by wastewater runoff.
While the caddisfly larvae in this study were only able to be identified down to the genus
level because keys to the species level do not exist, general assumptions off this identification
were still applied to the species level. Further work on these species would benefit from raising
larvae into adults in a laboratory setting and then identifying these down to species level. Our
results from the DFA indicated that four macroinvertebrate families were associated with
salamander presence: Gammaridae, Simuliidae, Philopotamidae, and Polycentropodidae (Table
5). Each Philopotamidae individual found was identified as the target genus (Chimarra), and
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only found at the sites where E. paludicola was also found. This indicates that this rare caddisfly
requires the same habitat type and parameters as E. paludicola. The dwarf salamander is known
to inhabit undeveloped, and thus less polluted, spring systems (McKee et al., 2017). Because
Philopotamidae Chimarra was also found with E. paludicola, this suggests that it also requires
less developed habitats and healthy aquatic systems to survive.
Four macroinvertebrate families in this study were found to be indicative of salamander
presence based off the ISA results: Simuliidae, Perlidae, Phiolopotamidae, and
Polycentropodidae (Table 6). Three of these families were also shown to be associated with
salamander presence based on the results from the DFA. Because Plecoptera Perlidae (stonefly),
an EPT taxon, was found to be an indicator species of E. paludicola, it can be suggested that it
too may require similar habitat parameters. More so, both Simuliidae and Polycentropodidae
were found to be associated with and indicator species of E. paludicola. This implies that there is
a specific community of macroinvertebrates that coexist with E. paludicola, and further
investigation into their populations and potential symbiotic relationships would be beneficial.
The fact that the target caddisfly Philopotamidae Chimarra was found to be associated with
salamander presence and also as an indicator species of E. paludicola further suggests that these
organisms do rely on similar habitat qualities and conditions. However, low abundance values
for both these organisms and the two other target organisms, compared to the overall sample
sizes, is cause for concern and suggests that these are more rare than previously thought and
should be considered for conservation listing.
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Conclusion
Fresh water systems are essential for every living organism, whether directly or
indirectly. Monitoring these systems is therefore extremely important in maintaining their health.
Assessing the populations of sensitive aquatic organisms like the target caddisflies and dwarf
salamander are a particularly useful way to do this and thus their health, survival, and ecological
relationship with each other should be considered. The abundances of the populations of the
target organisms seem to be unusually low. Knowing that a rare, pollution-intolerant caddisfly is
associated with the presence of the pollution-intolerant dwarf salamander yields valuable insights
into the habitat needs of each. It appears the caddisflies and western dwarf salamander do indeed
require less developed habitats and relatively untouched spring systems. Understanding these
requirements is critical in protecting these species and their aquatic habitats. Keeping
populations of seemingly small and insignificant organisms like caddisflies and salamanders
healthy will keep our freshwater systems, and thus humans, healthy as well.
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